Automation of 3D Building Model Generation Using Quadrotor  by Bulgakov, Alexey et al.
 Procedia Engineering  123 ( 2015 )  101 – 109 
Available online at www.sciencedirect.com
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of the Creative Construction Conference 2015
doi: 10.1016/j.proeng.2015.10.065 
ScienceDirect
Creative Construction Conference 2015 (CCC2015)
Automation of 3D building model generation using quadrotor
Alexey Bulgakova*, Alexey Evgenovb, Cornell Wellerc
a Professor, D.Sc. South West State University, 50 October Street, Kussk, Russia
b Ph.D Student., South Russian State Polytechnic University, Proshveshenie 132, Novoherkassk, Russia b
c TU Dresden, Mommsen str. 10, 01069, Germany
Abstract
Recently, in course of the last development in information technology, control algorithms, models and simulators of buildings 
management, an essential role in given to 3D information modeling BIM in order to facilitate, improve and expand structure related 
services. A building model is generated combining images taken from different angles. The share of aerial photo acquisition is 
noticeably augmenting. Chronologically, this has started since the migration of the unmanned vehicle technologies to the civil
market. As a result, a generation of sophisticated aerial machines equipped with high-resolution cameras can provide photographs 
of a surface taken from different angles allowing generating fairly accurate 3D models. The risk analysis shows that the human 
factor represents the biggest probable technical disturbance in the image acquisition process. Hence companies dealing with such 
projects try to minimize the role of the human-operator by automating the workflow. Automated aerial photo acquisition can be a 
solution. The quality of 3D building model, that we are trying to present in this paper, is directly related to the optimized usage, 
flight stability and the efficiency of the electronics. From a robotic point of view, reliable positioning of unmanned machine is an 
up-to-date technical task. In this paper, we will be identifying the quadrotor as an unmanned aerial vehicle performing 
photogrammetry. Such model was chosen because of its size, cost, maintenance-friendly and most important its maneuverability. 
On the other hand, the quadrotor does not offer long flight range and it is not stable. In order to improve the stability we suggest to 
identify and eliminate the noises acquired by sensors readings, and, on the other hand, to develop adaptive fuzzy logic position 
controllers to deal with the external wind factor. The effectiveness of the stabilization systems is endorsed with simulation and 
experimental results.
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1. Introduction
In the last decade, the branch of science and technology dealing with unmanned aerial vehicles (UAV) has 
expended considerably. The civil market is yet too far to be saturated by these machines. The growing demand is due 
to the success obtained from the military section. The civil UAVs are popular due to their maneuverability, small sizes 
and ability to move loads of small masses. Nowadays UAV performs different tasks: goods delivery, inspection, 
photogrammetry, rescuing missions etc. An important role occupies UAV equipped with photo/video cameras. This 
special robot is an integral part of movie making business, broadcasting and building 3D models. 
Automating the aerial photogrammetry contributes in updating electronic maps, replenish the knowledge base of
cities and infrastructure network for monitoring facilities and expansion of transport network. There are already a 
number of literatures oriented to the usage of the UAV in building management [2-7]. Nevertheless, the potential of 
aerial unmanned photogrammetry can still be improved.
The purpose of this paper is to contribute to the worldwide tendency by creating a platform for automated aerial 
photogrammetry, the role of which is to acquire building facades images in order to generate 3D model. To 
successfully implement the platform physically and in real-time regime, it is mandatory to consider external factors 
reducing the quality of the images, noises and disturbance impacting the UAV final positioning. Per instance, vibration 
caused by operating actuators, propellers can be a mutual cause for bad image quality and non-stability. 
When placing diagnostic equipment on the board of a UAV, it is important to consider the factor of shifted center 
of gravity of the machine from its ideal positioning in order to generate noise-free control signals. This task has been 
solved in [9]. In this work, we consider the control and stabilization of the roll, pitch and yaw angles of the quadrotor 
flying under external disturbances and wind resistance.
2. 3D building model generation
2.1. Automating 3D building model generation
The process of generating 3D building model begins with planning the workflow and identifying the necessary 
equipment. Quadrotor plays a role of a mobile photo/video camera, with the help of which, photos are acquired in 
overlap mode. The overlap mode facilitates the identification of the common points captured during acquisition 
process.
To summarize, the process of creating 3D model concludes the following steps:
x Creation of a preliminary map
x Determination of the unique features/points
x Determination of the matching points
x Combination of the subsequent images
x Specification of the image coordinates
x Creation of 3D model
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In more detail all process is described in work [7]. Figure 1 serves as a flowchart of the aforementioned steps.
Figure 1. 3D model generation steps
The preparatory phase includes flight planning, setting ground control points and camera calibration. Before getting 
ready to fly, the trajectory should be known, reference points should be predetermined, the flight direction and well 
as the set camera resolution. After the waypoints are identified and loaded into the autopilot, the acquisition stage is 
launched. The acquisition step includes the image capturing process. The subsequent stage consists of the images
fusion into 3D building model.
2.2. Quadrotor dynamics identification
7KHVWDWHVRIWKHTXDGURWRUFDQEHUHSUHVHQWHGXVLQJYHFWRUVȟ– position vector, v – vector of linear velocity,        
Ș– (XOHUDQJOHVYHFWRUDQGȍ– vector of DQJXODUYHORFLW\ZKHUHȟ [\]Y XYZȘ ĳșȥDQGȍ ST
r).
Physically, the quadrotor is represented as a fixed body frame, where variety of moments and forces are applied. 
As shown in figure 2, the motors M1, M2, M3 and M4 generate thrusts T1, T2, T3 and T4 respectively.
Figure 2. Forces on the quadrotor body frame
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The difference in controlling such body frame from a classical focal point representation is the principle of X-body 
shaped frame. To change the tilt or the rotation across the X-axis, drives M1 and M4 are working pairwise with M2 
and M3. While when pitch is required or rotation across Y-axis, M1 and M2 consist one couple M3 and M4 the other 
one. The state space equations of the quadrotor is listed below
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where u is the virtual control position input of the quadrotor. It can be represented as follows:
ቐ
௫ܷ(ݐ) = െ ଵܷ(ݐ)(cos߰ sinߠ cos߮ + sin߰ sin߮),
௬ܷ(ݐ) = െ ଵܷ(ݐ)(sin߰ sinߠ cos߮ െ cos߰ sin߮),
௭ܷ(ݐ) = െ ଵܷ(ݐ)(cosߠ cos߮).
                                                                                  (2)
where W is the transformation matrix from vector  Ʉሶ LQWR YHFWRUȍ.ft = diag(kftx, kfty, kftz) is the matrix of 
aerodynamic resistance; Kfr = diag(kfrx, kfry, kfrz) are the coefficients of the aerodynamic friction. 
As it can be seen, the control vector depends on the values of the Euler angles the vector Ș and the flight altitude z, 
which can be found from the sensing devices. The accuracy of the measurement depends on the stability performance 
of the autopilot as the gyroscope, the accelerometer or the barometer work on inertial principles. 
2.3. The observer
Observers are used to recover the vectors of the controlled object. In accordance with this paper, an adaptive 
observer shall identify sensors noise and regenerate recovered noise-free signals. To identify the observer, we will be
using the system of equations (1) and reshape it into differential equation for each state. Hence system (1) can be 
written as follows:
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where, m is the mass of the quadrotor, ܥ௧ܽ െ is the thrust coefficient of the propeller, u=[U(1) U(2) U(3) U(4) 
U(5)] is the input vector, ߠ, ߶, ߰ are the pitch roll and yaw angles, ܬ௫௫ , ܬ௬௬, ܬ௭௭ are the projection of the moment of 
inertia of the quadrotor, l – is the distance between the center of the quadrotor to each motor, ܥ௤ܽ െ is the coefficient 
of the drag force, R – propeller radius, Jr – is the moment of inertia of the drive, ߭௫, ߭௬, ߭௭ are the projection of the 
linear velocity, ߱థ ,߱ఏ, ߱ట are the projection of the rotational velocity.
Figure 3. The adaptive observer
The differential equations describe the six states of degree of freedom of the quadrotor and their derivatives. When 
the object is subjected to one continuous perturbation w which isn't giving in to direct measurement, it can be estimated 
by astatic identification observer [8]:
ݔොሶ = ܣݔො+ ܤݑ + ܭ(ݕെ ܥݔො) + ܭିଵܬ ׬ (ݕ െ ܥݔො)݀ݐ.
௧
଴                                                                       (4)
where x is the state vector, y- is the a scalar output signal, u- control vector, K- PDWUL[VL]HRIQ[Ʉ–1 matrix size 
of (nxn), J- matrix size of (nx1). 
The diagram of the adaptive observer is illustrated in figure 3.
The completion condition of coincidence between the observer equation and the quadrotor equation can be 
identified using the following equation
ܭିଵܬ ׬ (ݕെ ܥݔො)݀ݐ = ݓ = ܿ݋݊ݏݐ.

଴                                                                               (5)
Thus, the output of the integrator in equation (4) provides an estimate of the unknown external influence w. The 
simulation results illustrated in figure 4 show the effectiveness of the observer to recover the original signal from the 
applied noises.
Figure 4. Adaptation of the observer with reference to the applied external noises w. The gyroscope signal to the left and the integrated filtered 
signal (right curve-right), the roll angle (purple curve, right)
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From figure 4, it can be clearly noted that the observer has successfully recover the sensor signals from the 
disturbance. It assures better stabilization of the roll angles as shown by the purple curve. 
Figure 5 shows the observer filtration results based on reading obtained using quadrotor 3DR IRIS. It can be noticed 
that the control system successfully fulfills the desired stabilization and positioning according the assigned waypoints 
and values of the roll, pitch and yaw angles and flight altitude. In figure 5, the red curve is the desired value; the green 
curve is the obtained value. It can be also seen the deviation of the altitude from the desired value. This is caused due 
to the tolerance of the barometer used as altitude sensor.
Figure 5. Experimental results of the observer for the roll angle (left up), pitch angle (right up), yaw angle (left down) and flight altitude (right 
down)
Quantitative indications of the adaptive observer are directly related to the sensors in use. In the physical prototype 
the following sensors are installed: 3-axis gyroscope and accelerometer MPU-6000, 3-axis gyroscope L3GD20, 3-
axismagnetometer and barometer HMC5883l and MS5611, respectively. All the aforementioned sensors belongs to 
the commercial level and therefore their readings is of high tolerance accordingly. Nevertheless, the observer was able 
to reduce the noises, allowing altitude deviation by 15% and positioning deviation between 7-10%.
2.4. Fuzzy logic Controllers FLC
In addition to the vibrations and sensors readings noises, another factor can destabilize the flight: the changing 
wind currents. To improve the stability of the quadrotor in windy circumstances, we suggest using fuzzy logic 
controllers. Figure 6 shows the control structure of the quadrotor using fuzzy logic controllers. 
The fuzzy logic block gives a single output signal fz fed to all the rotors simultaneously. Hence, we can introduce 
the following equation:
ߤ௭ = ଵ݂ + ଶ݂ + ଷ݂ + ସ݂ = 4 ௭݂                                                                                                                       (6)
The output value of the altitude controller, which is complemented by the outputs of the other controllers (velocity 
along roll, pitch and yaw), can be described as follows:
ߤ = ߤ௭ + οߤఝ + οߤఏ + οߤట                                                                                               (7)
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The following equation can be derivate to calculate the roll control signal
ଶ݂,ଷ =
ଶ௙೥ାοఓക
ଶ
; ଵ݂,ସ =
ଶ௙೥ିοఓക
ଶ
                                                                                                            (8)
As a feedback signal, the roll controller generates the roll deviation οߤఝ. In case a positive value of οߤఝ is found 
then the rotation is clockwise.
Figure 6. Control structure using fuzzy logic
Similarly, the pitch controller operates to calculate the value of οߤఏ. The equation describing the pitch control 
signal is given below
ଵ݂ ,ଶ =
ଶ௙೥ାοఓഇ
ଶ
; ଷ݂,ସ =
ଶ௙೥ିοఓഇ
ଶ
                                                                                                            (9)
In its turn, the output value of the yaw controller is calculated. A positive value means rotation along the pitch axis 
is clockwise.
ଵ݂ ,ଷ = ௭݂ + οߤట; ଶ݂,ସ = ௭݂ െ οߤట .                                                                                                               (10)
The table below shows the controller output to regulate the flight altitude of the quadrotor.
Table 1.Iinference rules of the height controller
dZ \ Z Up Stable Down
Negative Much down Down Stable
Equal Down Stable Up
Positive Up Up Much up
The simulation results of controlling the flight regimes of the quadrotor are illustrated in figure 7 and 8.
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Figure 7. Simulation results of flight regimes control using FLC. Wind speed 9 m/s
Figure 8. Simulation results of flight regimes control using FLC. Wind speed 12 m/s
Figure 7 and 8 reflect the efficiency of the FLC in controlling and stabilizing the angular speeds and positions (roll, 
pitch and yaw) as well as the flight altitude of the quadrotor. Taking into consideration external disturbance, with a 
wind speed of 12 m/s the positioning deviation is less then 20%, which is considerably high, but justifiable due to the 
sensors used on 3D IRIS. 
After executing many flights, we recommend to use the provided control algorithm for the aforementioned 
quadrotor model to stabilize the positioning with a maximum wind speed of 10 m/s.
3. Conclusion
As a verdict, the contribution of this paper consists of designing a physical platform to conduct automated 
photogrammetry with position control taking into consideration external disturbance factors such as wind speed, 
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sensors reading and vibrations. To minimize the effects of these noises an observer was designed to filter out the 
unnecessary data and recover the original signal. Control of the quadrotor positioning is achieved using fuzzy logic 
controllers, allowing stabilizing the roll, pitch and yaw angles as well as the flight altitude of the quadrotor. The 
algorithm was tested in real time on a physical quadrotor 3D IRIS.
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